The paper examines the technological structure of the Japanese banking sector before the onset of the banking crisis and structural reforms of the 90s in order to shade light on the logic of the recent trend to consolidation in the industry. While diseconomies of scale are shown to be pervasive in the large banks, defying the rationale for consolidation, the paper presents evidence of an underlying technological progress that operates to significantly increase the industry's efficient minimum size, generating economies at larger banks, thus justifying the ongoing trend in consolidation. The results suggest that, to the extent that consumers can benefit from lower costs of bank production, policies that promote a more concentrated banking structure might be consistent with public interest. JEL Classifications: G21; D24; O3
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Consolidation, Scale Economies and Technological Change
in Japanese Banking
Introduction
The Japanese Banking industry is undergoing an unprecedented structural reform characterized by a wave of mergers and consolidation (see, e.g., Hall (1999) for recent developments). The ongoing trend towards bank concentration presupposes the existence of some form of economies that banks could exploit by being larger. The extant empirical literature is ambiguous about the extent of such economies in the industry. Until recently, the consensus has been that significant economies of scale existed before the onset of the crisis and subsequent reform in the 1990s at all output levels throughout the industry (see, e.g., Fukuyama, 1993; McKillop et al., 1996; Tachibanki et al., 1991; and Yoshioka and Nakajima, 1987) . This is despite the fact that substantial evidence in other countries, notably in the U.S., suggests that economies of scale in banking commonly get exhausted at a low level of output. In addition to the industry's chronic problems of profitability and the debilitating effects of the banking crisis in the early 1990s, the logic of the recent wave of consolidation might be founded on these early findings of significant scale economies. On the other hand, recent research finds that the extent of scale economies reported in the earlier research was overstated and that, in fact, there exists diseconomies of scale in the large banks, thereby questioning the rationale for the recent mergers and consolidation (see, e.g., Altunbas et al., 2000; and Drake and Hall, 2003) .
Given the current trend towards bank concentration in Japan, understanding the precise nature of scale economies in the industry is critically important both to comprehend the economic rationale behind the industry's movement to consolidation and to prescribe policy going forward. Part of the ambiguity in the literature about scale economies in the industry lies in the fact that the two sets of studies have focused on two significantly different periods in the history of the Japanese banking industry. While the earlier studies focus on the relatively stable period of the 1980s, the recent studies are based on the industry's experience in the tumultuous period of banking crisis followed by structural reform and consolidation that characterizes much of the 1990s.
The purpose of this paper is to examine the extent of economies of scale in the Japanese 2 banking industry and shade more light on the rationale behind the recent structural changes that are shaping the industry. To do so, I focus on the relatively stable period of much of the 1980s and the beginning of the 1990s before the onset of the banking crises that culminated in the recent structural reform. In contrast, Drake and Hall (2003) and Altunbas et al. (2000) ) study the period of 1993 through 1997, a period in which the industry was in a flux of crises and structural reform. Because the data reflects the impacts of the banking crisis of the early 1990s and the subsequent and ongoing reform, it would be difficult to make meaningful inference about the existence and extent of scale economies as a justification for consolidation, while the industry is at the same time going through the very reforms. I show that, in contrast to the early studies, but consistent with the recent ones, while there were significant scale economies in much of the industry, diseconomies was pervasive among the large banks that became the object of the consolidation wave in recent years. While this finding prima-facie defies the logic for largescale mergers, I argue that a significantly scale-biased technological progress has been underway countering the diseconomies of scale in large banks. In other words, despite the static diseconomies observed in the data, there was a dynamic technological process that has been significantly increasing the minimum efficient scale in the industry, reducing the observed diseconomies and potentially creating economies from a larger scale. Focusing on the subperiod after the passage of the 1981 New Banking Law of Japan for robustness, I report a much lower level of scale dis-economies, providing additional credence to the argument that the observed diseconomies were dissipating over time.
In addition to providing the economic rational for the structural changes in the industry, the paper also contributes to the study of banking production economies in general. An extensive literature exists on the cost structure of the banking industry, particularly on the question of whether or not firm size (scale) creates any economies. Despite differences in methodology and data sources 2 the evidence, mainly from the U.S. and few other countries, has been remarkably similar, in that, generally, depository institutions exhaust scale economies at low levels of 2 The early studies include those by Benston (1965 Benston ( , 1972 , Greenbaum (1967), Murphy (1972 and  Bell and Murphy 3 output, and at the average bank, there is little evidence of economies of scale. Despite the critical role of banks in the Japanese economy, the cost structure of the banking industry has not attracted much attention in academic research. This contrasts to the extensive literature on banks in the U.S. where banks' role relative to financial markets is not as important as in Japan. The paper attempts to fill the void by providing a detailed study of the cost and technological structure of the industry based on a large panel extending over two decades. There exist at least two reasons why Japanese banks yield themselves as an interesting case to examine bank production economies. First, during the decade of 1980s they have exhibited to be the fastest growing banking industry in the world. Second, since the early 1980s, the Japanese banking industry has undergone a series of financial deregulation, including the recent mergers and consolidation, which should affect the structure of the industry. Hence, investigation of scale economies in the process of high growth and structural liberalization provides a unique opportunity to further our knowledge of bank production economies.
Evaluating the extent of these economies per se contributes to the public policy issues related to the appropriate size of banks in the industry. Concern on the social costs of attaining monopoly power through size has long been at the center of the public debate on deregulation.
This is particularly true during the recent period of mega mergers in Japan. However, as Timme (1986, 1991) argues, the appropriate scale of banks as well as the cost implications of size are also influenced by the characteristics of technological advancement in the industry. If new technologies are non-neutral in terms of their effects on the efficient size of the firm in the industry, then policies that encourage creation of large-scale banks can be socially beneficial.
The second objective of the paper is, therefore, to evaluate the impact of technological change on Japanese banking industry. Towards this end, I follow Hunter and Timme (1991) and examine technological change, its relationship to bank size and its effect on the efficient scale of operation for Japanese banks.
The rest of the paper is organized as follows. Section 2 below presents the empirical model utilized to characterize the Japanese banking production technology and offers operational measures for scale economies, technological change and input elasticities. Section 3 describes the data, and section 4 presents empirical results. Section 5 concludes the paper.
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Empirical Model
I follow the parametric approach of inferring the technological characteristics of the bank production process from structured production functions as representation of the underlying technology. Invoking the duality between production and cost functions in characterizing the technology, I use the cost function to infer the extent of scale economies, technological change and other relevant properties of the production process.
The Cost Function
Consistent with the literature (see, e.g., Uchida and Tsutsui (2004) in the context of Japanese banking), I assume that the production process of the Japanese banking industry can be depicted by the following twice differentiable, one-output, four-inputs production function:
where Y is output and L,K,D,B denote the inputs of labor, capital, deposits and borrowing, respectively 3 . I adopt the "intermediation approach" in which deposits combined with labor, capital and borrowing are assumed to be utilized to produce loans as output. Table 1 lists definitions of relevant variables.
Insert Table 1 here.
From duality theory, if producers pursue cost minimizing behavior, the production function can be uniquely represented by a dual cost function of the following form:
where, C is the total cost (including interest costs), w i = input prices for i = L,K,D and B, and t is the index of time which proxies for technology. As Hunter and Timme (1991) describes, when time is used as an index of technology, any change in a bank's total cost, holding all other variables constant, is attributed to technological innovation. However, the variable, being a 3 Defining the inputs and outputs for a financial services firm's production process is a major problem in bank production economies studies. For an excellent discussion of the related issues see Clark, 1988. 4 To be a valid representation of production technology, the cost function should satisfy three conditions: First, it should be a non-negative, non-decreasing function of output y; second, the cost function must be non-negative, nondecreasing, positively linearly homogeneous, concave and continuous in input prices w i and, finally, it should be twice differentiable with respect to w i (Chambers (1991) The explicit functional form assumed for equation (2) is the standard translog specification. A translog function provides a flexible functional form where it does not restrict the second-order properties of the cost structure examined.
5 6 The specification has also been used for characterizing Japanese banks' technologies (see, e.g., Uchida and Tsutsui (2004) ). The translog form used for estimation is the following second-order Taylor series expansion of the cost function defined in eq. (2):
Β it lnw i T + Β y lny + 1/2 Β yy lny 2 + Β yt lnyT + Β T T + 1/2 Β TT T 2 By Shephard's Lemma dlnC/dlnw i represents an equation for the cost share of input i.
Hence, we have a system of equations, consisting of the cost function given in (3) and the following four share equations, one for each input i :
Imposing the usual restrictions to reflect homogeneity of degree one in input prices
Β it = 0) and symmetry (Β ij = Β ji ).
These restrictions imply dropping the share equation of one of the inputs, using the associated input price as a numeraire. The input price of borrowing was used as a numeraire in the estimation 7 .
Having introduced the characterization of the production technology, the empirical investigation is organized in the following order. First, I provide a battery of tests to identify the global characteristics of the underlying technology and verify the appropriateness of the 5 In contrast to the conventional Cobb-Douglas or CES functional forms, the translog form enables the estimation of Ushaped average cost functions, for example. 6 Berger and Mester (1997) have compared the translog to the alternative Fourier Flexible Form. Despite the latter's added flexibility, the difference in results between the methods appears to be negligible. Moreover, the translog form is also found to be more stable (see, e.g. Swank (1996) ). 7 Arbitrarily dropping one share equation raises the issue of whether parameter estimates would be insensitive to the choice of which equation is deleted. However, as long as Iterated Zellner's SUR are used on the remaining share equations, the estimated parameters estimates are invariant to the choice of the share equation. (Oberhofer and Kmenta (1974) ). particular functional form adopted in the paper in representing this technology. This is done to avoid inappropriate inference owing to econometrically misrepresenting the technology. The empirical tests include tests of whether the underlying production process exhibits homotheticity, homogeneity, constant returns to scale and whether it is consistent with a more restrictive CobbDouglas specification. In addition, to increase confidence in our inference and compare with bank technologies in other countries, I present standard estimates of elasticities of substitution among the identified bank inputs. Second, having established reasonable confidence on the data and estimation, I proceed to investigate the focal issue of the study, namely, the extent of scale economies and its interaction with technological change to find a rationale for the current wave of mega mergers in the industry.
To evaluate the global characteristics of the banking technology, I impose the implied parametric restrictions and conduct standard comparison of the restricted models against the unrestricted translog version. A homothetic technology implies the restriction that
a homogeneous production function (homogeneous with respect to output) reflects the restrictions of Β iy = 0, in addition to (5) above;
and a technology that exhibits constant returns to scale requires the restriction of (in addition to (5) and (6)) Β y = 0.
Finally, a Cobb-Douglas specification implies, in addition to (5), (6) and (7), the following restriction:
To characterize the nature of the production process further as represented by the cost functions, I estimate the Allen elasticities of substitution and elasticities of conditional input demands. From the cost and share equations, the measures of the Allen elasticities of substitutions are defined as (where S i = cost share of input i): σ ij = Β ij /S i *S j -1/S i + 1 , for i = j, and (9a)
The related own-and cross-partial elasticities of conditional input demand are given by: ε ij = Β ij /S i + S i -1 , for i = j, and (10a) ε ij = Β ij /S i + S j , for i ≠ j.
(10b)
Scale Economies
From the cost function, returns to scale 8 measures cost responses associated with changes in output, holding input prices constant. Scale economies are said to exist if an increase in output, at constant input prices, leads to a less than proportional increase in total costs, causing a decline in average costs.
Given a cost function of the form in (3), the measure of scale economies is defined as follows:
An estimate of S > 1 implies scale economies, indicating that an equiproportional increase in all inputs of a firm result in a more than proportional increase in output. Evidence of scale economies, other things constant, could be a rationale for consolidation.
Technological Change
Technological change refers to an inward movement in the production isoquants in the input space, in which the same level of output can be produced with at least one input bundle in which the quantities of each input is less than what used to be required. From the cost side, holding input prices constant, technological change permits the firm to produce the same level of output at lower expenditure. Given the cost function in (3), the rate of technological change (RTC) can be measured by:
Technological change can be biased with respect to inputs as well as with respect to the scale characteristics of the production technology. With regard to input biases, a technological 8 Note that, although closely related, the measure of scale economies using the production function (elasticity of scale) is different from the measure of scale economies using the cost function (elasticity of size). The elasticity of scale measures how output changes as one moves out along a ray from the origin in an input space while the elasticity of size measures how cost responds as we move along the locus of cost-minimizing points in input space (i.e., along the expansion path). The two measures coincide only for homothetic production functions (i.e., where we have ray expansion path). In this paper, we will use the concepts of returns to scale and returns to size interchangeably. 
A TIB = 0 imply a neutral technical change. TIB > 0 and TIB < 0 imply ith factor-using and ith factor-saving technological advancements respectively.
Technological change could also be biased with respect to the scale property of the production technology. Technological change may be scale-biased or non-neutral in the sense that it might alter the range of outputs over which a given scale economies can be attained, thus resulting in a change in the cost-minimizing efficient firm size. Define the cost elasticity to be C=1/S, S=elasticity of scale. Technological scale bias is given by:
A TSB > 0, implies that technological change increases scale economies and, conversely, if TSB< 0, scale economies are decreasing as a result of technological progress. A scaleincreasing technological progress (TSB > 0) implies that the minimum efficient size (MES) at which the average cost is the lowest is increasing due to technological innovations. Thus, a scale-increasing technological change, other things constant, could induce industry consolidation over time; by contrast, a scale-decreasing technical change, could precipitate industry fragmentation.
Data
The data set includes end-of-year data on costs and outputs constructed from the financial Insert Table 2 Table 2 presents a summary of the data for the full sample. To standardize the data, the input prices were indexed using the input prices associated with the mean observation (i.e. the firm-year whose output is the closest to the mean output level) as base prices. There is a wide variation in both costs and output in the sample. At the mean level, deposits account for about 60 percent of costs, followed by labor and borrowing.
Empirical Results
Tests of restrictions on the cost function
The cost function in equation (3) and three of the associated four share equations are estimated simultaneously using Zellner's Iterative Seemingly Unrelated Regression (SUR)
technique in which the estimates are asymptotically equivalent to maximum likelihood estimators (Kmenta and Gilbert (1968) ).
The parameter estimates of equation (3), their standard errors and t-statistics are presented in Table 3 9 . All estimates except one are statistically significant at the one percent level. The goodness-of-fit measures for the cost equation and the estimated share equations are given in Panel B of Table 3 .
Insert Table 3 Tests of the restrictions imposed on the cost and share functions reject the hypothesis of homotheticity implied in restrictions (5) (see Panel C of Table 3 ). The cost function, therefore,
is not separable between output and input prices, indicating that the relationship among costs, output and input prices cannot be characterized globally.
The strong rejection of homotheticity implies rejection of homogeneity. The direct test for homogeneity, Panel C of Table 3 , also rejects the hypothesis. Both global constant returns to scale and Cobb-Douglas specifications are also strongly rejected. In short, none of the assumptions underlying the more restrictive production structures offer a valid representation of the Japanese banking technology. The production technology over the sample period is consistent with a non-homothetic production process, also providing credence for the use of a less restrictive functional form, such as the translog cost function, as a representation of the underlying production process.
To further illuminate on the nature of the production process, between the financial inputs (deposits and borrowing), which is consistent with previous research (see, e.g., Noulas et al. (1990) for large U.S. banks). The results also show strong substitutability between the physical inputs (labor and capital), which is again consistent with the extant literature on bank technology (see, e.g., Mester (1987) and Murray and White (1983) for the thrift industry in the U.S. and Canada, respectively, and Noulas et al. (1990) ). The degree of substitution between deposits (a financial input) and the physical inputs (capital and labor) is relatively small.
Insert Table 4 here
The own-and cross-price elasticities of conditional input demands presented in Panel B
of Table 4 provide results consistent with priors and available evidence. All own-price elasticities are negative, with all input demands except for borrowing being slightly price inelastic. The cross-price elasticities contain much of the same information contained in the elasticities of substitution and indicate substitutability among all inputs. Increases in cost of deposit induce increased use of borrowing but very slight response in labor and capital utilization. Borrowing use also responds relatively highly for increases in wages and capital costs. Increases in capital costs cause a modest increase in labor use. Overall, Table 4 provides additional assurance that our representation of the Japanese banking technology is reasonable and comparable to experiences in other countries.
Scale Economies
I now return to the main focus of the study, namely the evaluation of the extent of scale economies and technological change in the industry. Rejection of homotheticity ( Table 3 above) implies that estimates of scale economies, technological change and elasticities are not constant across observations. As a result, therefore, I follow a convention described by Mester (1988) , in which measures of the focal estimates of the paper (scale economies, technological change and elasticities) are evaluated for three representative banks. The first constitutes the observation 12 consisting of the means of output and input prices (the "average" bank), the second is the minimum value of the output variable with mean values of input prices (the "small" bank), and the third is the maximum value of the output with mean values of input prices (the "large" bank).
These bank types are identified both for the entire sample and for each banking categories (i.e.,
City, Long-Term, Trust and Regional banks). The 'average bank', the 'small bank' and the 'large bank' of a banking category consist, respectively, of the mean, the minimum and the maximum output value of the output variable (y) of the bank category with the overall mean values of input prices and the variable t. As these focal estimates are not linear functions of the estimated parameters, exact standard errors cannot be computed. The standard errors of the statistics that are nonlinear in parameter estimates are computed as the standard deviations of the first order
Taylor series approximations of the respective statistics around the parameter estimates.
11 Table 5 presents the estimates of scale elasticities, measured in accordance with expression (11), for both the full sample and each of the bank categories. For the full sample, we have evidence that the scale measure decreases as bank size increases with 'small' banks exhibiting significant scale economies and 'average' and 'large' banks displaying significant diseconomies. This is consistent with the substantial evidence, based on the U.S. experience, as summarized in Clark (1988) . The scale elasticity is significantly less than one for the 'average'
and 'large' banks. The elasticity is significantly greater than one only for the 'small' banks.
Relative to the wide variation in size, the differences in the scale measures do not appear to be significant.
Insert Table 5 here However, as the data set includes some of the world's largest banks, the "mean" bank at which the scale elasticity is evaluated is not truly representative. (The distribution of size is skewed to the left.) In fact, observation of the estimates of scale over the entire data set reveals that about 80 percent of the sample has scale elasticity significantly higher than one. In other words, on a plot of average costs against output, which is a U-shaped, the majority (80 percent) of data points fall on the declining portion (i.e., an average cost function with a much longer declining portion). Thus, except at the few cases of extremely large size, there appears to be significant economies of scale for the majority of banks, particularly banks of smaller size than the "average" size. This is further supported by the sub-sample estimates for Regional banks.
Note that Regional banks dominate the sample in number, constituting 91 of the 113 banks in the sample. Moreover, as shown in Table 2 , regional banks tend to be small in size, the 'average'
Regional bank being the smallest of the average banks of all other bank categories and smaller than the average bank for the full sample. The 'average' Regional bank exhibits significant scale economies. This evidence of scale economies in the majority of banks is consistent with Yoshioka and Nakajima (1987) in which they report significant economies of scale for Japanese City banks and Regional banks.
From the sub-sample estimates, we again observe declining scale elasticity as bank size increases in each bank category. For City bank and Trust bank categories, 'small' banks exhibit significant scale economies with 'average' and 'large' banks exhibiting substantial dis-economies.
Long-Term Credit banks appear to be too big to benefit from scale economies. Crosscategorical differences in scale estimates are related to variation in bank size distributions across categories.
To investigate the behavior of scale economies over time, we first define the cost elasticity (C) to be the reciprocal of scale elasticity (S), so that C < 1 and C > 1 imply existence of economies and dis-economies of scale respectively. dC/dT = yt measures the degree to which scale economies improve over time. A dC/dT > 0 imply that the percentage increase in cost due to a one percent increase in output increases over time, suggesting a decline in the degree of scale economies. Put differently, a dC/dT > 0 imply that the minimum efficient firm size (MES) -the firm size at which the long-run cost is at minimum -has decreased over time.
This is the size of the firm in long run equilibrium, at which all economies of scale are exhausted.
The negative dC/dT = yt in Table 3 implies that the degree of scale economies for the Japanese banking industry has, on the average, increased over the 1974-91 period. The output level at which the minimum average cost could be attained has increased over the period, which is to say that the range of output over which average cost can be reduced through increase in scale has expanded over time. A related interpretation is to say that the attained technological advancement (discussed below) exhibits inherent positive scale bias. This finding is consistent with the evidence in Timme (1986 and in which they report a positive scalebiased technological change for large U.S banks, whereby the cost-minimizing bank sizes increased. Furthermore, the evidence implies that the technological progress underlying bank production in Japan has been progressively favoring or requiring larger scale production, justifying the ongoing trend in the industry consolidation.
Technological Change
Estimates of the rates of technical change are presented in Table 6 . For both the full sample and the sub-samples of bank categories, we have evidence of significant technological advancement in the Japanese banking industry over the sample period. The 'average' bank of the sample exhibits a rate of technical change of 0.011456 (i.e., holding output constant, a decrease in total cost at a rate of 1.1456% per annum); the largest banks experienced a 2.1045% annual reduction in cost; and the smallest banks exhibited no technical change. The results are qualitatively similar across bank categories, with the largest cost savings reported for City banks and the smallest for Regional banks. The evidence on existence of technical change is consistent with Timme (1986 and in which they also report significant technological change for large U.S. banks.
Insert Table 6 Furthermore, the rate of technical change (i.e., the percentage reduction in cost per annum) increases with bank size, with the 'small' bank and the 'large' bank, of both the full sample and the respective sub-sample of bank categories, experiencing the smallest and the largest rates in the respective categories. In fact the cross-categorical differences in the rate of technical change are related to variations in size distribution of banks across categories.
To provide more insight into the relationship between technological change and scale, we define TSB = d{-dlnC/dT)}/dlnY (i.e., the derivative of the rate of technical change with respect to scale). From equation (14), TSB = -yt . From Table 3 , TSB = 0.00357678 with a t-stat of 4.99, implying that larger Japanese banks attain significantly higher rate of technical change than smaller banks. While this may not be conclusive about differences in the innovative capacity of banks of different size, 12 the evidence indicates that technological change operated to reduce costs for larger banks more rapidly than for smaller banks. The question of innovative advantages aside, therefore, a public policy that promotes larger banks appear to be justified on the basis of the discriminatory effects of technological change which tend to favor larger banks.
Moreover, the technological change appears to be biased with respect to factor use. The measures of factor share bias, TIB = it (in accordance with equation (13)) are positive for deposits and negative for labor, capital and borrowing (see Table 3 ), all being statistically significant. The cost share of deposit input goes up while that of labor, capital and borrowing falls.
To summarize, the foregoing provide evidence of technological patterns that favor industry concentration. On the one hand, the production technology exhibits existence of static diseconomies of scale for the largest banks during the period, defying, prima-facie, the logic for consolidation. On the other hand, the evidence also indicates an underlying technological progress that has been operating to increase the comparative advantages of large-scale operations in the industry. First, the size of the scale economies has been increasing over time. This means that the technological progress has been operating to increase the minimum efficient size, the scale of operation at which total cost is minimized, making large-scale production the efficient competitive size. Second, the production process exhibits a scale-biased technological progress, a process whereby technological innovations and inventions appear to benefit larger-scale production. We should also note that diseconomies were not pervasive throughout the industry; in fact, the majority of the banks, Regional banks in particular, exhibit economies of scale.
Hence, contrary to the implications of the observation on the static diseconomies of scale, the dynamics of the technological progress that has been shaping the Japanese industry provides strong rationale for bank consolidation and concentration. 12 An issue related to the relationship between scale and technological change concerns whether larger firms innovate faster than smaller firms. Large-scale operation might be argued to be conducive for technological advancements. The traditional Galbraith-Schumpter hypothesis is that, since development of innovations is costly, large firms operating with larger research budget should be able to innovate faster than small-scale firms, reducing costs at a faster rate than small-scale firms do (Stevenson (1980) ). Also certain technical advances can only be utilized in large-scale firms. Some production techniques may not be employed by or simply may not be available to small-scale firms.
Scale Economies and Technological Progress in 1982-91
To check for the robustness of the results so far, I present additional evidence based on the industry's experience during the sub-period in the 1980s. The banking sector of Japan underwent a series of liberalization during this period. While the financial reform of the industry had many facets and has been a continuous process, the consensus is that one of the major events that marked the beginning of the reform process is the passage of the 1981 New Japanese Bank
Law (see, e.g., Bank of Japan (1995)). I evaluate scale economies and technological change over the relatively more liberalized period of the sample period over 1982 through 1991.
The results are presented in Table 7 . Again the cost function is consistent with a nonhomothetic production process. Panel A indicates that, as in the full sample, during this subperiod, the industry exhibits significant diseconomies of scale. Economies of scale decrease as bank size increases with 'small' banks exhibiting significant scale economies and 'average' and 'large' banks displaying significant dis-economies. The sub-sample estimates, in each bank category, also show declining scale elasticity with increase in bank size. For Long term bank and City bank categories, all sizes of firms exhibit substantial dis-economies while the small and average Regional firms report significant economies of scale. Cross-categorical differences in scale estimates are related to variation in bank size distributions across categories.
Again, although the 'mean' bank of the sample reports dis-economies, the majority of banks have smaller size than the average firm. The distribution of firm size is skewed to the left.
Observation of the estimates of scale economies over the entire data set reveals that, in both subperiods, the majority of banks have scale elasticity significantly higher than one. Thus, except at the few cases of extremely large size, there appears to be significant economies of scale for the majority of banks. This is further supported by the presence of significant scale economies in Regional banks, which constitute above 80 percent of the sample.
Moreover, the behavior of scale economies during this sub-period indicates a technological progress that significantly increased the minimum efficient size. Defining C to be the cost elasticity (1/S), the dynamics of scale elasticity over time is measured by dC/dT, which is evaluated to be significantly negative for the sub-period, implying increases in the minimum efficient size. dC/dT= Β yt = -0.0020562 (with standard error of 0.000239) for the sub-period.
Panel B reports the estimates of rates of technical change (RTC) for the sub-period. We have evidence of significant technological advancement in Japanese banking industry over the sub-period. The 'average' bank of the sample exhibits a rate of technical change of 0.013864 (i.e., holding output constant, a decrease in total cost at a rate of 1.3864 percent per annum); the largest firm experienced a 1.718 percent annual reduction in cost; and the smallest firm exhibits no technical change. The results are qualitatively similar across bank categories, with the largest cost savings reported for city banks and the smallest for regional banks. Cross-categorical differences in the rate of technical change are related to variations in size distribution of banks across categories.
Furthermore, the technological progress exhibits significant scale bias. TSB = d{-dlnC/dT)}/dlnY measures the impacts of scale on technological change, and are -Β yt = 0.0020562. This is consistent with the presence of underlying technical progress that is evolving to increase the comparative advantages of larger-scale bank production relative to small banks.
The evidence based on the data in the 1982-91 sub-period supports the main results from the full sample. While Japanese banks exhibit significant scale diseconomies, particularly at large banks, before the onset of the recent banking crises and subsequent reform, there is evidence of an underlying technological progress that worked to increase the efficient size of the average bank. Hence, the dynamics of technological change that has been operating to favor and necessitate large-scale banking, despite the observation of diseconomies, provide the economic rationale for consolidation in the industry.
Conclusion
The unprecedented structural reform of the Japanese Banking industry has prompted questions about its economic rationale. While industry consolidation presupposes the existence of some form of economies of large-scale production, recent studies fail to find significant scale economies to justify the recent wave of mergers and consolidation. This paper argues that the rationale for the recent trend in consolidation lies in the nature of the technological progress that has swept the industry in recent times.
In spite of observation of diseconomies of scale, there has been an underlying change in bank technology that has increased the minimum efficient size as well as favored large banks to smaller ones. Studying the evolution of the industry over a relatively long period of 1974 through 1991, the paper examines the degree of scale economies and the dynamics of the technological progress of the underlying banking production. It reports slight dis-economies of scale for particularly the large banks, and significant scale economies for smaller banks, that constitute about 80 percent of the industry. This is particularly true for Regional banks that dominate the industry in number. On the other hand, the evidence shows existence of a technological change that has operated to lower the cost of production, with larger banks achieving higher cost reductions. There is evidence that the underlying technological progress has increased the comparative advantages of large-scale production in the industry.
Furthermore, and more directly, the evidence shows that, over the period, the underlying technological progress sweeping the industry has been increasing the industry's minimum efficient size -i.e., the scale of production at with total cost is minimized. Hence, the technological dynamics that have been operating to favor and necessitate large-scale banking, despite the observation of diseconomies, provide the economic logic for consolidation in the industry. The results further suggest that, to the extent that consumers can benefit from lower costs of bank production, policies that promote a more concentrated banking structure would not be inconsistent with public interest. 
